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Broadband driver 

5 The invention concerns a broadband driver for signals 
that are transmitted in different frequency ranges. 

A broadband high-voltage SLIC (SLIC: subscriber line 
interface circuit) is known from ZOJER, B., KOBAN, R. , 

10 Pichler, J. : "A broadband high-voltage SLIC for a 
Splitter- and Transformer-less Combined ADSL-Lite/POTS 
Linecard", February 9, 2000, Digest of Technical 
Papers, ISSCC 2000, P. 304-305. In this report the SLIC 
circuit comprises a first and a second broadband driver 

15 circuit. 

In many communication systems, DC voltages or audio 
frequency signals are transmitted with radio frequency 
signals over a single signal line. In an xDSL 
20 transmission system, both radio frequency data signals 
and audio frequency speech signals and/or DC voltages 
are transmitted via the two-wire telephone line. The DC 
voltages or DC components are used to supply power to 
the telephone terminal and for generating the ringing 
25 and call tones respectively. These transmitted DC 
voltages often have voltage amplitudes of more than 
100 Volts. This means that the associated driver 
circuit must have a very high supply voltage. In 
contrast, the radio frequency signal components for 
30 data transmission have a much lower voltage amplitude. 
As a result of the lower load impedance, however, the 
radio frequency signal components give rise to large 
supply currents that are drawn from the power supply of 
the associated driver circuit. This leads to very high 
35 power losses in the driver circuit, which prevents 
integration of the driver circuit for full-rate ADSL 
systems used in conjunction with analog voice 
functions. A driver circuit that provides audio 
frequency signals with high amplitudes as well as radio 



frequency signals with low amplitudes for transmission 
over a transmission path, can be provided only with 
difficulty because of conflicting demands on the 
technical circuit design, for instance high voltage 
amplitudes versus high speed. 

Thus in communication systems up to now, different 
driver circuits are provided for the audio frequency 
signal components and the radio frequency signal 
components. Fig. 1 shows a driver of the prior art. In 
the driver shown in Fig. 1, the signal output of a 
audio frequency high-voltage driver circuit with a high 
supply voltage of up to 150 Volts is connected in 
parallel with the signal output of a radio frequency 
drivable driver circuit with a low supply voltage of 10 
to 30 Volts via a signal splitter. 

The splitter comprises a low-pass filter and a high- 
pass filter, where the low-pass filter is connected to 
the output of the audio frequency high-voltage driver 
circuit and the high-pass filter HP to the output of 
the radio frequency broadband driver circuit. The audio 
frequency high-voltage driver circuit receives the 
voice signal to be transmitted and the DC voltages for 
supplying the terminal or for generating the ringing 
tones. The radio frequency broadband driver circuit 
receives a radio frequency data signal, for example an 
xDSL data signal, which is output to the transmission 
path after being filtered through the high-pass filter 
HP. The transmission path might for instance be a two- 
wire telephone line. The audio frequency high-voltage 
driver circuit is connected via the low-pass filter TP 
to an output node K, to which the radio frequency 
broadband driver circuit is also connected via the 
high-pass filter HP. The low-pass filter TP and the 
high-pass filter HP are required because the two driver 
circuits are voltage drivers with a low-impedance 
signal output. The high-pass filter HP and the low-pass 
filter TP of the signal splitter thus prevent the 
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signal outputs of the two driver circuits from being 
short-circuited. The low-pass filter TP and the high- 
pass filter HP are higher-order filters designed for 
clear signal separation. The splitter must meet high 
5 linearity and quality requirements. The filters in the 
splitter are composed of passive components. The low- 
pass filter cannot be designed as an RC filter here, 
because the power loss in these is too high. The low- 
pass filter TP is thus formed from inductances L and 
10 capacitances C, where the inductances L in particular 
are not only very complex to implement in the circuit, 
but also cannot be integrated. Consequently traditional 
splitters are relatively large and can be manufactured 
only at high cost. 

15 

It is therefore the object of the present invention to 
create a broadband driver for signals that are 
transmitted in different frequency ranges, that is easy 
to implement as a circuit design. 

20 

This object is met according to the invention by a 
broadband driver with the characteristics cited in 
claim 1. 

25 The invention creates a broadband driver for signals 
that are transmitted in different frequency ranges, 
comprising a first broadband driver circuit for driving 
first signals having signal frequencies that lie in a 
first frequency range, 

30 a second broadband driver circuit for driving second 
signals having signal frequencies that lie in a second 
frequency range, 

where at least one of the two broadband driver circuits 
has a frequency-dependent positive-feedback circuit for 
35 impedance synthesis of a frequency-dependent output 
impedance of the broadband driver circuit, and where 
the output impedance has a different value in the first 
frequency range than in the second frequency range. 
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In one preferred embodiment of the broadband driver 
according to the invention, the first broadband driver 
circuit is designed to drive audio frequency voice 
signals, audio frequency ringing signals and DC 
5 signals. 

In another preferred embodiment, the second broadband 
driver circuit is designed to drive radio frequency 
data signals. 

10 

The first broadband driver circuit advantageously has a 
signal preamplifier circuit connected to its input. 

In a first embodiment of the broadband driver according 
15 to the invention, the positive-feedback circuit feeds a 
signal output of the first broadband driver circuit to 
a signal input of the first broadband driver circuit. 

In a second alternative embodiment of the broadband 
20 driver according to the invention, the positive- 
feedback circuit feeds the signal output of the first 
broadband driver circuit to a signal input of the 
signal preamplifier circuit. 

25 The positive-feedback circuit preferably has a complex 
impedance . 

The positive-feedback circuit preferably contains a 
capacitor. 

30 

The complex impedance of the positive-feedback circuit 
preferably decreases as the frequency of the feedback 
signal increases. 

35 In one particularly advantageous embodiment of the 
broadband driver according to the invention, the 
broadband driver circuits are fully differential. 



The signal outputs of the two broadband driver circuits 
are preferably connected in parallel and are connected 
to a transmission channel via a signal output of the 
broadband driver according to the invention. 

The transmission channel is preferably a two-wire 
telephone line. 

The signal output of the second broadband driver circuit 
is preferably followed by a transformer circuit. 

The radio frequency data signal driven by the second 
broadband driver circuit is preferably an xDSL data 
signal, in particular an ADSL data signal. 

Preferred embodiments of the broadband driver according 
to the invention are described below with reference to 
the attached figures to explain the essential features 
of the invention. 

Fig. 1 shows a driver according to the prior art; 

Fig. 2 shows a block diagram of a broadband driver 
according to the invention; 

Fig. 3 shows a circuit diagram of a first embodiment of 
the broadband driver according to the invention; 

Fig. 4 shows an output impedance curve for the first 
broadband driver circuit for driving audio frequency 
signals in the first embodiment of the broadband driver 
according to the invention illustrated in Fig. 3; 

Fig. 5 shows a particularly advantageous embodiment of 
the broadband driver according to the invention 
designed with fully-differential circuit components. 

As can be seen from Fig. 2, the broadband driver 1 
according to the invention has a first signal input 2 
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for receiving DC signal components and ringing signals 
and a second signal input 3 for receiving audio 
frequency voice signals. 

5 The broadband driver 1 according to the invention has 
another signal input 7 for receiving a radio frequency 
data signal, in particular an xDSL data signal. 

The broadband driver 1 according to the invention has a 
10 signal output 12 that is connected to a transmission 
channel 13, for example a two-wire telephone line. 

The broadband driver 1 contains a summation circuit 14 
that is connected to the two first signal inputs 2, 3 

15 via lines 15, 16, and which takes the DC components and 
audio frequency ringing tones that are applied to the 
first input signal 2, and the audio frequency voice 
signals that are applied to the second signal input 3, 
then outputs these summed and superimposed signals via 

20 a line 17 to a signal input 18 of a first broadband 
driver circuit 19 inside the broadband driver 1 
according to the invention. The first broadband driver 
circuit 19 is used for driving the audio frequency 
signals whose signal frequencies lie in a first low 

25 frequency range. The first broadband driver circuit 19 
has a signal output 20 that is connected via a line 21 
to a node 22. The signal node 22 is connected via an 
internal line 23 to the signal output 12 of the 
broadband driver 1 according to the invention. 

30 

The broadband driver 1 also contains a second broadband 
driver circuit 24, whose signal input 25 is connected 
via a line 26 to the third signal input 7 of the 
broadband driver 1 for receiving the radio frequency 
35 data signals. The second broadband driver circuit 24 
also has a signal output 27 that is connected via a 
high-pass filter 27a and a line 28 to the node 22. The 
two signal outputs 20 and 27 of the first and second 
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broadband driver circuit 19, 24 
parallel to the transmission path. 



are 



connected 



in 



The first broadband driver circuit 19 is used for 
5 driving the audio frequency voice signals, the DC 
components and the audio frequency ringing tones, whose 
signal frequencies lie in a first low frequency range. 
The second broadband driver circuit 24, connected in 
parallel, is designed to drive radio frequency data 

10 signals whose signal frequencies lie in a second higher 
frequency range. Here at least one of the two broadband 
driver circuits 19, 24 has a frequency-dependent 
positive-feedback circuit for impedance synthesis of a 
frequency-dependent output impedance of the broadband 

15 driver circuit. The frequency-dependent output 
impedance generated by the positive-feedback circuit of 
one of the two broadband driver circuits 19, 24 then 
has a different value in the first frequency range than 
in the second frequency range. 

20 

Fig. 3 shows a preferred embodiment of the broadband 
driver according to the invention, in which the first 
broadband driver circuit 19 has a frequency-dependent 
output impedance that is low in a low frequency range 
25 and high in a high frequency range. 

The first broadband driver circuit 19 contains an input 
resistor 29 that is connected to signal input 18. The 
input resistor 29 is connected via a line 30 to a non- 
30 inverting input 31 of an operational amplifier 32. The 
operational amplifier 32 is supplied via power supply 
connections 33, 34 with a supply voltage V DDa , V SSa . In 
order to drive the radio frequency DC components, the 
supply voltage for the operational amplifier 32 is more 
35 than 140 Volts. The operational amplifier 32 has a 
signal output 35 that is connected via a line 36 to an 
output resistor 37 of the first broadband driver 
circuit 19. The signal output 35 of the operational 
amplifier 32 is connected at a branch node 38 via a 



negative-feedback line 39 to an inverting signal input 
40 of the operational amplifier 32. The output resistor 
37 is connected via a line 41 to the signal output 20 
of the first broadband driver circuit 19. In addition, 
the signal output 20 is connected via a positive- 
feedback line 42 to a signal input 43 of a positive- 
feedback circuit 44. The positive-feedback circuit 44 
has a signal output 45 that is connected via a line 46 
to the line 30 at a node 47. The effect of the 
positive-feedback circuit 44 is to synthesize the 
output impedance of the first broadband driver circuit 
19. As a result of the impedance synthesis, the first 
broadband driver circuit exhibits a frequency-dependent 
output impedance. In the embodiment illustrated in Fig. 
3, the positive-feedback circuit 44 feeds the signal 
output 20 of the first broadband driver circuit 19 back 
to the signal input of the first broadband driver 
circuit 19. The positive-feedback circuit 44 has a 
complex impedance. In the embodiment illustrated in 
Fig. 3, the positive-feedback circuit 44 comprises a 
capacitor with a complex impedance that decreases as 
the signal frequency increases. 

The output impedance of the signal output 20 of the 
first broadband driver circuit 19 equals: 



(1) 



\ + j27fC 4 ,-R 21 
where 

C 44 is the capacitance of the positive-feedback 
capacitor 44, 

R29 is the resistance of the input resistor 29, and 
R37 is the resistance of the output resistor 37. 

Fig. 4 shows the frequency response of the output 
impedance Z out of the first broadband driver circuit 19 
in the broadband driver 1 according to the invention 
shown in Fig. 3. The output impedance Z out and frequency 
f are shown logarithmically in the figure. Up to a 
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lower cut-off frequency f 0 of the output impedance, Z out 
essentially indicates the value of the output resistor 
R37. Between the lower cut-off frequency f y and an upper 
cut-off frequency f 0 , the output impedance Z ou t increases 
sharply, and, above the upper cut-off frequency f D , has 
a resistance value that is essentially equal to the 
resistance of the input resistor 29. 

The upper and lower cut-off frequencies are given by: 
f v = n „ 1 „ (2) 



In xDSL applications of the broadband driver 1 
15 according to the invention, the lower cut-off frequency 
fu is about 14 kHz and the upper cut-off frequency f 0 
about 138 kHz. The input resistance of the resistor 29 
typically lies in the range 5 kQ to 10 kQ, while the 
resistance of the output resistor 37 is about 200 Q. 
20 The capacitance of the positive-feedback capacitor 44 
is in the nanofarad range. The high output impedance 
Zout in the high frequency range prevents a short 
circuit with the signal output of the second broadband 
driver circuit 24, which has a low impedance in this 
25 frequency range. 



As can be seen from Fig. 3, the broadband driver 
according to the invention in the preferred embodiment 
shown there contains a second broadband driver circuit 

30 24 for the radio frequency xDSL data signals. The 
signal input 25 of the second broadband driver circuit 
24 is connected via a line 48 to the non-inverting 
signal input 49 of an operational amplifier 50. The 
operational amplifier 50 is supplied via power supply 

35 connections 51, 52 with a supply voltage V DDb , V SS b ■ The 
supply voltage here is preferably in a range of 10 to 
30 Volts. The operational amplifier 50 has a signal 



- 10 - 

output 53 that is connected to an output resistor 25a 
via a signal line 54. From a branch node 55, the signal 
output 53 of the operational amplifier 50 is connected 
via a feedback line 56 to an inverting signal input 57 
5 of the operational amplifier 50. The second broadband 
driver circuit 24 also contains a capacitor 58, that is 
connected to the signal output 27 of the broadband 
driver circuit 24 via an output resistor 25a. The 
capacitor 58 acts as an analog high-pass filter for the 
10 radio frequency data signals. 

The two operational amplifiers 32, 50 of the two 
broadband driver circuits 19, 24 both have a broadband 
design. The operational amplifier 50 requires a signal 

15 bandwidth of about 1.1 MHz for example to drive ADSL 
data signals. For the impedance synthesis, the 
operational amplifier 32 of the first broadband driver 
circuit also has a similarly high signal bandwidth of 
about 1.1 MHz. In addition, the two operational 

20 amplifiers 32, 50 preferably have a linearity greater 
than 65 dB. 

Fig. 5 shows a particularly advantageous embodiment of 
the broadband driver 1 according to the invention. In 

25 the embodiment shown in Fig. 5, the major circuit 
components have a fully differential design. 
Furthermore, the positive-feedback circuits 44a, 44b 
feed back the signal outputs 20a, 20b of the first 
broadband driver circuit to a signal node 72a, 72b of a 

30 signal preamplifier circuit 60. The audio frequency 
voice signals, the audio frequency ringing signals and 
the DC signals are applied to the signal input 59 of 
the signal preamplifier circuit 60. The signal 
preamplifier circuit 60 contains an operational 

35 amplifier 61 in a fully differential design with a non- 
inverting signal input 62, an inverting signal input 
63, a common-mode signal input 64, an inverting signal 
output 65 and a non-inverting signal output 66. In 
addition, the fully differential operational amplifier 
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61 is supplied with a supply voltage V DD , V ss via power 
supply connections 67, 68. The applied common-mode 
voltage preferably equals (V DD + V ss )/2. The signal 
inputs 59a, 59b of the signal preamplifier circuit 60 
5 have input resistors 69a, 69b which are connected via 
lines 70a, 70b to the inputs 62, 63 of the operational 
amplifier 61. The signal preamplifier circuit 60 also 
contains negative-feedback resistors 71a, 71b. The 
output 45a, 45b of the positive-feedback circuits 44a, 

10 44b is connected to lines 70a, 70b via lines 46a, 4 6b 
and via signal nodes 72a, 72b. At signal nodes 73a, 
73b, the negative-feedback resistors 71a, 71b are 
connected to signal nodes 73a, 73b via lines 74a, 74b. 
The negative-feedback resistors 71a, 71b are also 

15 connected via lines 75a, 75b to the non-inverting 
signal inputs 31a, 31b of the operational amplifiers 
32a, 32b of the first broadband driver circuit 19. The 
inverting signal output 65 of the fully differential 
operational amplifier 61 is connected via a line 76a 

20 and a node 77a to the connecting line 75a. The non- 
inverting signal output 66 of the operational amplifier 
61 is connected via a line 76b and a node 77b to the 
connecting line 75b. 

25 The signal gain of the signal preamplifier circuit 60 
is set by resistors 69, 71, where the signal gain V is: 

K 69 

provided f<fu. 

30 The positive-feedback circuits 44a and 44b in the 
embodiment shown in Fig. 5 each comprise a capacitor 7 8 
and a resistor 79 connected in series. 

The following equation gives the output resistance of 
35 the first broadband driver circuit 19 between signal 
outputs 20a, 20b: 

Z 0Ut =Z 0Uta+ Z 0Utb = (R 37a + R 37b ). J + ^ %fCjS ; '\ p ~, (5) 

1 + j2nfC 78a ( R 37a + R 37b + R ?9a - R 71a ) 



- 12 - 

As a result of the positive feedback of the signal 
output of the first broadband driver circuit 19 to the 
signal input of the signal preamplifier circuit 60, as 
shown in Fig. 5, asymmetries between the components, 
5 which for instance might arise from the manufacturing 
process, can be tolerated far better than for feedback 
of the signal output 20 of the first broadband driver 
circuit 19 to the signal input 31a, 31b of the 
broadband driver circuit 19. Due to the common-mode 
10 rejection at the input of the operational amplifier 61, 
the effects of any asymmetry are reduced by the value 
of the input common-mode rejection. 

The second broadband driver circuit 24 for the radio 
15 frequency data signals has a fully differential design 
in the embodiment shown in Fig. 5, where the signal 
outputs 53a, 53b of the operational amplifiers 50a, 50b 
are each connected via feedback resistors 80a, 80b to 
the inverting signal inputs 57a, 57b. In addition, the 
20 inverting signal inputs 57a, 57b and the operational 
amplifiers 50a, 50b are connected together by a 
resistor 80c. 

On the output side, the second broadband driver circuit 
25 24 is connected to the signal output 12a, 12b of the 
broadband driver circuit 1 via a transformer circuit 

81. The transformer circuit 81 comprises a primary coil 

82, whose inputs are connected to the resistors 25a, 
25b, and two secondary coils 83a, 83b, which are 

30 connected to the signal output 12a, 12b via lines 84a, 
84b, and connected together by capacitor 85. The 
transformer circuit 81 has a turns ratio n. The supply 
voltage for the second broadband driver circuit 24 can 
be reduced by making suitable adjustments to the turns 

35 ratio n, by which means the second broadband driver 
circuit 24 can be constructed in a faster design 
technology. The resistors 37a, 37b and the resistors 
25a, 25b are used for transmission path matching and 
line matching respectively. 
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Instead of the transformer circuit 81, a capacitor 58 
can be connected downstream from each of the resistors 
25a, 25b as shown in Fig. 3. 

5 In the embodiment shown in Fig. 5, all components are 
designed to be symmetric, i.e. they meet the following 
condition : 

Ria = Rib 

10 C ia = C ib (6) 

As can be seen from Fig. 3 and 4, the broadband driver 
1 according to the invention does not contain any 
inductances, so that, apart from capacitors 44, 78a, 
15 78b, the design is easy to integrate from a circuit 
technology viewpoint. The capacitors 44, 78a, 78b have 
a very high dielectric strength of over 100 Volts. 

In further embodiments, the output resistance of the 
20 second broadband driver circuit can be generated from 
impedance synthesis by means of feedback. 

The broadband driver 1 according to the invention is 
particularly suitable for the use of audio frequency 
25 voice signals and radio frequency xDSL data signals. 



